Exploiting molecular self-assembly: from urea-based organocatalysts to multifunctional supramolecular gels by Schoen, Eva Maria et al.
Supporting Information
 Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2014
Exploiting Molecular Self-Assembly: From Urea-Based
Organocatalysts to Multifunctional Supramolecular Gels
Eva-Maria Schçn,[a] Eugenia Marqus-Lpez,[b] Raquel P. Herrera,*[b] Carlos Alemn,[c] and
David Daz Daz*[a, d]
chem_201402436_sm_miscellaneous_information.pdf
Multifunctional Supramolecular Gels 
	   S1	  
 
Contents List 
  pag 
1. 1H NMR and 13C NMR spectra of 1 and new compounds 5-7 ………..……......... S2 
2. HPLC analysis of compound 3-(2-nitro-1-phenylethyl)-1H-indole (8) …………. S6 
3. Solvent parameters ………………………………………………………………. S7 
4. Representative FT-IR spectra ……………………………………………………. S9 
5. Representative DSC curves ………………………………………………............ S10 
6. Temperature-dependent NMR studies ……………………………………........... S11 
7. Rheological measurements ………………………………………………............. S13 
8. Additional FESEM and AFM images …………………………………………… S14 
9. Additional optical microscopy images ……………………………………........... S15 
10. Surface area, pore volume and pore size measurements ………..…….................. S16 
11. PXRD patterns ………..……................................................................................. S18 
12. 1H NMR spectra of the crude product from the alkylation reactions …................. S19 
13. UV-vis spectroscopy ………..……........................................................................ S20 
14. Additional digital pictures of materials obtained under different conditions …… S21 
15. Quantum mechanical calculations ………..…….................................................... S22 
16. Color version of Figures 6, 10, 11 and 16 of the main paper ………..……........... S23 
 
Multifunctional Supramolecular Gels 
	   S2	  
1.  1H NMR and 13C NMR spectra of new compounds 
1H and 13C NMR spectra of compound 1 
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1H and 13C NMR spectra of compound 5 
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1H and 13C NMR spectra of compound 6 
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1H and 13C NMR spectra of compound 7 
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2.  HPLC analysis of 3-(2-nitro-1-phenylethyl)-1H-indole (8) 
 
Figure S1. Racemic mixture of 3-(2-nitro-1-phenylethyl)-1H-indole (8). Daicel Chiralpak IA column (n-
hexane/i-PrOH = 90:10, flow rate 1 mL/min). 
 
Figure S2. Chiral sample of (S)-3-(2-nitro-1-phenylethyl)-1H-indole (8). 
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3.  Solvent parameters 
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Figure S3. 3D scattering plot showing the results of the gelation tests and the Hansen solubility 
parameters of each solvent. Filled circles = gelated solvents; open circles = non-gelated solvents. 
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Table S1. Hansen solubility and Kamlet-Taft parameters of the solvents. 
 δd δp δh α  β  π* 
Carbon tetrachloride 17,8 0 0,6 0 0,1 0,28 
Chloroform 17,8 3,1 5,7 0,2 0,1 0,58 
o-Xylene 17,8 1 3,1 0 0,12 0,47 
m-Xylene 17,8 0,8 2,7 0 0,11 0,47 
Dichloromethane 18,2 6,3 6,1 0,13 0,1 0,82 
o-Dichlorobenzene 19,2 6,3 3,3 0 0,03 0,8 
Toluene 18 1,4 2 0 0,11 0,54 
Nitrobenzene 20 8,6 4,1 0 0,3 1,01 
Benzene 18,4 0 2 0 0,1 0,59 
m-Dichlorobenzene 9,39 3,08 1,61 0 0,13 0,41 
1,3,5-Trimethylbenzene 18 0 0,6 0 0,13 0,41 
Glycerol 17,4 12,1 29,3 1,21 0,51 0,62 
Nitromethane 7,72 9,19 2,49 0,22 0,06 0,85 
Chlorobenzene 9,29 2,1 0,98 0 0,07 0,71 
Dimethyl sulfoxide 18,4 16,4 10,2 0 0,76 1 
1,4-Dioxane 19 1,8 7,4 0 0,37 0,55 
n-Heptane 15,3 0 0 0 0 -0,08 
Acetone 15,5 10,4 7 0,08 0,43 0,71 
Acetonitrile 15,3 18 6,1 0,19 0,4 0,75 
Dimethylformamide 17,4 13,7 11,3 0 0,69 0,88 
Ethanol 15,8 8,8 19,4 0,86 0,75 0,54 
Ethyl acetate 15,8 5,3 7,2 0 0,45 0,55 
Methanol 15,1 12,3 22,3 0,98 0,66 0,6 
Tetrahydrofuran 16,8 5,7 8 0 0,55 0,58 
Water 15,5 16 42,4 1,17 0,47 1,09 
Benzonitrile 17,4 9 3,3 0 0,37 0,9 
1,2-Dimethoxyethane 15,4 6,3 6 0 0,41 0,53 
Methyl tert-butylether 14,8 4,3 5 - - - 
Cyclohexanone 8,7 3,08 2,49 0 0,53 0,76 
Dimethylacetamide 8,21 5,62 4,99 0 0,76 0,88 
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4.  Representative FT-IR spectra 
 
Figure S4. Representative FT-IR spectra of solid 1 and model xerogels prepared in methylene chloride, 
toluene and glycerol (90 wt%). 
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5.  Representative DSC curves 
Gelator molecules usually assemble into fibers by a first-order process, which further self-
assembly to form clusters and finally a 3D network. In general, the evolution of the cluster size 
is dominated by second-order thermal transitions. 
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Figure S5. Representative DSC spectra of two cycles corresponding to the gel made of 1 in toluene. 
Thermal cycling hysteresis between gel-to-sol transition temperature (endothermic effect) and sol-to-gel 
transition temperature (exothermic effect) was estimated in ca. 22 ºC.  
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6.  Temperature-dependent NMR studies 
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Figure S6. Selected regions of temperature-dependent 1H NMR spectra corresponding to the organogel 
made of 1 in d8-toluene.  
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7.  Rheological measurements 
Mechanical inertial effects of the rheometer measuring head was accounted by the software 
package to accurate evaluate the thixotropic nature of the materials. Thus, fixed rest time after 
sample loading and pre-shearing to equilibrium at different shear rates are necessary in order to 
minimize prehistory effects. The tan d values for the model gels prepared in toluene, glycerol and 
methylene chloride at 5 g L-1 were 0.301 ± 0.001, 0.105 ± 0.001 and 0.354 ± 0.005 respectively. 
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Figure S7. Oscillatory rheological experiments (DSS, DFS, DTS) of the model gel prepared in methylene 
chloride at 5 g L-1. 
 
Figure S8. Consecutive cycles of the loop test of a gel made from 1 at CGC in glycerol. Steps: 1) 1Hz, 
0.1% strain, 20 min; 2) 1 Hz, 10000% strain, 30 min; 3) 1 Hz, 0.1% strain. 
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Figure S9. Left: DTS measurements of the gel made from 1 at CGC in glycerol with different content of 
water (wt%). Right: Evolution of Tgel in function of the water content.  
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8.  Additional FESEM and AFM images 
Although samples for electron microscopy were prepared without a quantitative control of their 
thickness, all samples were always prepared following the same described procedure. In general, 
patches of the gel were first searched to be sure that the observed structures originate from the gel. 
The aspect ratio of a fibre is defined as the ratio of its length to its width. For AFM imaging, the 
resolution limit is dictated by the size of the AFM tip. 
 
Figure S10. Additional FE-SEM images of the xerogels obtained from the corresponding organogels 
prepared at the CGC. A) benzene; B) toluene; C) chlorobenzene; D) 1,3-dichlorobenzene; E) 1,2-
dichlorobenzene; F) nitrobenzene; G) mesitylene; H) m-xylene; I) chloroform; J) methylene chloride; K) 
carbon tetrachloride; L) nitromethane. 
 
 
Figure S11. Additional AFM image of the gel prepared in benzene at CGC. The zoom-in image on the right 
shows a ribbon-like structure of a single fiber.  
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9.  Additional optical microscopy images 
 
Figure S12. Polarized light microscope images of A) organogel made of 1 in toluene at CGC and B) the 
corresponding solution obtained upon thermal gel-to-sol transition. Polarizing filter is oriented 90º to the 
plane of the polarized light. A piece of gel or a drop of solution was placed between two glass slides for 
observation.  
1 mm 1 mm  
Figure S13. Bulk gel made in toluene at 15 g L-1 (left) without and (right) with crossed polarizers. Crystal 
nucleation is clearly observed on the polarized image. 
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10.  Surface area, pore volume and pore size measurements 
                     
 
Figure S14. Isotherm (top) linear and (bottom) logarithmic plots corresponding to the xerogel obtained from 
the organogel made in toluene at CGC. Sample mass 0.0629 g. Analysis adsorptive: Ar. 
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Figure S15. BET surface area plot corresponding to the xerogel obtained from the organogel made in 
toluene at CGC. Sample mass 0.0629 g. Analysis adsorptive: Ar. BET Surface Area: 17.5433 ± 0.3003 
m2/g. Slope: 0.185130 ± 0.003675 g/cm3 STP. Y-Intercept: 0.032377 ± 0.000592 g/cm3 STP. C: 6.718010. 
Qm: 4.5976 cm3/g STP. Correlation Coefficient: 0.9984273. Molecular Cross-Sectional Area: 0.1420 nm2. 
We thank Dr. Reyes Mallada for performing these analyses at INA, Zaragoza, Spain. 
 
Surface Area 
Single point surface area at p/p° = 0.250204806: 12.2041 m2/g 
BET Surface Area: 17.5433 m2/g 
t-Plot External Surface Area: 26.3661 m2/g 
BJH Adsorption cumulative surface area of pores: 
between 17.000 Å and 3000.000 Å width: 19.444 m2/g 
BJH Desorption cumulative surface area of pores: 
between 17.000 Å and 3000.000 Å width: 21.7825 m2/g 
 
Pore Volume 
Single point adsorption total pore volume of pores: 
less than 1124.135 Å width at p/p° = 0.980836943: 0.030608 cm3/g 
t-Plot micropore volume: -0.006918 cm3/g 
BJH Adsorption cumulative volume of pores: 
between 17.000 Å and 3000.000 Å width: 0.048982 cm3/g 
BJH Desorption cumulative volume of pores: 
between 17.000 Å and 3000.000 Å width: 0.048539 cm3/g 
 
Pore Size 
Adsorption average pore width (4V/A by BET): 69.7882 Å 
BJH Adsorption average pore width (4V/A): 100.763 Å 
BJH Desorption average pore width (4V/A): 89.133 Å 
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11.  PXRD patterns 
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Figure S16. PXRD spectra of A) urea 1 and B) xerogel obtained from the corresponding organogel made in 
toluene at CGC. 
 
Figure S17. PXRD of a new batch of the xerogel obtained from the corresponding organogel made in 
toluene at CGC recorded in a different instrument. We thank Mr. Pradip Pachfule for recording this spectra 
at NCL, Pune.  
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12.  1H NMR spectra of the crude product 8 from the alkylation reaction  
 
 
Figure S18. Selected region of the 1H NMR spectra showing the signals of the internal standard 
(dimethyacetamide) and the reaction product obtained from the reaction performed in (top) gel and (bottom) 
solution. 
Multifunctional Supramolecular Gels 
	   S20	  
13.  UV-vis spectroscopy 
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Figure S19. UV-vis spectrum corresponding to the formation of nanoparticles upon mixing glycerol-based 
gel with AgNO3 solution as described in the main text. 
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14.  Additional digital pictures of materials obtained under different conditions 
 
 
Figure S20. A) Additional photographs of different organogels and phase selective gelation (PSG) of 
organic solvent/water mixtures. B) Fluid materials obtained using urea 1 with different enantiomeric purity. 
C) Photographs showing complete transparence of a gel made in toluene.  
 
 
Figure S20. Water drop on a film made from the xerogel obtained from the corresponding organogel in 
nitrobenzene (WCA ~ 138°). The image on the right shows the direction of lateral capillary forces and 
hydrophobic particles remaining on the surface. 
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15.  Quantum mechanical calculations 
 
Figure S21. Relative disposition of the two molecules and secondary interactions (hydrogen bonds and π-π 
interactions are indicated by dashed lines and double arrows, respectively) for the following dimers: A) 
complex of 2 with lowest  and  (-28.1 and -20.2 kcal/mol, respectively); B) complex of 3 with 
lowest  and  (-21.8 and -20.8 kcal/mol, respectively); C) complex of 4 with lowest  and 
 (-17.4 and -13.5 kcal/mol, respectively); D) complex of 6 with lowest  (-22.1 kcal/mol); and 
E) complex of 6 with lowest  (-19.8 kcal/mol). Hydrogen bonding distances (in Å) correspond to the 
H···O separation, while π-π stacking distances (in Å) correspond to the separation between the centers of 
masses of the aromatic rings.  
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16. Color version of Figures 6, 10, 11 and 16 of the main paper 
 
Figure 6 (main paper) 
 
 
 
 
 
Figure 10 (main paper) 
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Figure 11 (main paper) 
 
 
 
 
Figure 16 (main paper) 
 
 
 
 
 
 
